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DELOLW\DQGH[SHULHQFHRIWKHGHVLJQHU%ULGJHVGHVLJQHGIURPWKHEHJLQQLQJZLWKDORJLFDOGHFRQVWUXFWLRQFRQFHSWDUH
HDVLHUWRPDLQWDLQDQGDGDSWWRQHZGHVWLQDWLRQV

)LJ)ORZFKDUWGHILQLQJWKHGHFRQVWUXFWLRQFRQFHSW
'HFRQVWUXFWLRQRIEULGJHVLVGLYLGHGLQWZRFDWHJRULHV
• 1RQVWUXFWXUDOUHPRYLQJRIWKHGHFNVLGHZDONLQJSDUDSHWVHWF
• 6WUXFWXUDOLWVFRQVLVWLQWKHGLVPDQWOLQJRIWKHVWUXFWXUDOEULGJHHOHPHQWVOLNHVWULQJHUVFURVVJLUGHUVZLQGEUDFLQJV
DQGHYHQLQVRPHFDVHVPDLQJLUGHUVPDLQWDLQLQJWKHSULQFLSDOHOHPHQWVLQJRRGWHFKQLFDOFRQGLWLRQDQGDGGLQJ
QHZHIILFLHQWPDWHULDO
'XULQJGHFRQVWUXFWLRQVDIHW\ULVNVFDQDSSHDU7KHVDIHVWPHWKRGRIGHFRQVWUXFWLRQSURFHHGVLQWKHUHYHUVHRUGHU
WRFRQVWUXFWLRQ$VSHFLDODWWHQWLRQPXVWEHSDLGWRWKHVHTXHQFHWREHIROORZHGWRWKHVWUHQJWKDQGVWDELOLW\RIWKH
VWUXFWXUH LQHDFKSKDVHRIRSHUDWLRQ ,W LV UHFRPPHQGHG WKDWRQHH[SHUW LVSUHVHQWRQ WKHVLWH LQDOO WKH LPSRUWDQW
PRPHQWV7KHUHXVHRIWKHGHPROLWLRQPDWHULDORQRQHVLGHDQGWKHUHF\FOLQJRIWKHGHEULVRQRWKHUVLGHLQRUGHUWR
PLQLPL]HWKHHIIHFWRQWKHHQYLURQPHQWDUHDOVRHVVHQWLDO
,WLVDOVRLPSRUWDQWWRDVVXUHSHUVRQDOVDIHW\LQWKHGHFRQVWUXFWLRQ]RQHDQGDFDUHIXOO\YHKLFOHVPRYHPHQW'XULQJ
WKHGHFRQVWUXFWLRQSURFHVVLWLVUHFRPPHQGDEOHWRWUDQVIRUPEULGJHVLQUREXVWVWUXFWXUHV7KHUREXVWQHVVRIDVWUXFWXUH
KDVWREHGHILQHGDVEHLQJWKHFDSDFLW\RIWKHV\VWHPWRNHHSKLVVWUXFWXUDOLQWHJULW\IRUDQ\NLQGRIDFWLRQWKDWPD\
RFFXUGXULQJLWVVHUYLFHOLIH5HODWHGWRWKHOLIHVSDQRIDEULGJHUREXVWQHVVFDQUHSUHVHQWWKHSUHVHUYLQJRIWKHLQWHJULW\
RI WKH FRPSRQHQW HOHPHQWV SURSHUWLHV VWDUWLQJ ZLWK WKH VWUXFWXUDO V\VWHP DQG LQFOXGLQJ DOVR WKH LQIUDVWUXFWXUH
5REXVWQHVVPXVWQRWEHXQGHUVWRRGDVDQRYHUGLPHQVLRQLQJRIHOHPHQWVEXWDVWKHFDSDFLW\RIWKHV\VWHPRIDGDSWLQJ
ZLWKRXWGDPDJHVWRFXUUHQWDFWLRQVDQGZLWKPLQLPXPVKRUWFRPLQJVWRWKHH[WUDRUGLQDU\RQHV
,QWKLVFRQWH[WZHKDYHWRFRQVLGHUDOVRWKHPDLQWHQDQFHRUUHSDLUFRVWV$UREXVWV\VWHPKDVWRFDOOIRUPLQLPXP
PDLQWHQDQFHFRVWVGXULQJLWVOLIHVSDQDQGWRGHPDQGIRUUHGXFHGFRVWVIRUSXWWLQJLQWRVHUYLFHLQFDVHRIDQDFFLGHQW
0RGXODUSURYLVRU\EULGJHVZKLFKFDQEHXVHGDOVRLQHPHUJHQF\FDVHVILWYHU\ZHOOWRWKLVFRQFHSW,WPD\EHPRUH
HFRQRPLFDOO\WRUHIXUELVKUDWKHUWKDQUHEXLOG8VXDOO\WKHOHJLVODWLRQFDQKHOSLQWKLVGLUHFWLRQE\ORZHUORFDOWD[HV
DQGRWKHUDGYDQWDJHV
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5HJDUGLQJGHFRQVWUXFWLRQRIH[LVWLQJUDLOZD\EULGJHVDQLQWHUHVWLQJDQGYHU\SUDFWLFDOGLDJUDPLVSUHVHQWHGLQ)LJ
$ODUJHQXPEHURIUDLOZD\EULGJHVKDYHDQDJHRI\HDUVRUHYHQPRUHDQGWKH\ZHUHFDOFXODWHGLQWKHSDVW
WRGLIIHUHQWFRQYR\V
)LJ&RQYR\VDFWLRQRQUDLOZD\EULGJHVUHODWHGWR8,&ORDGPRGHO
,QRUGHUWRGRDUDSLGDSSUHFLDWLRQRIWKHVWUXFWXUHVFDUU\LQJFDSDFLW\WKHEHQGLQJPRPHQWVIRUVRPHFRQYR\V
UHODWHGWRWKHSUHVHQW8,&ORDGPRGHOZHUHFDOFXODWHGIRUGLIIHUHQWVSDQVDVIROORZV
• 7KHIRUPHU5RPDQLDQ5DLOZD\FRQYR\7DYDLODEOHDFFRUGLQJ67$6LQWKHSHULRGIURP±
GHGLFDWHGWRWKHVWHHOVXSHUVWUXFWXUH
• 7KHIRUPHU5RPDQLDQ5DLOZD\FRQYR\3VDPH6WDQGDUGDYDLODEOHIRUFRQFUHWHDQGLQIUDVWUXFWXUHRIUDLOZD\
EULGJHV
• 7KH$FRQYR\VWHHOVXSHUVWUXFWXUHDQG6FRQYR\IRUFRQFUHWHDQGLQIUDVWUXFWXUHRIUDLOZD\EULGJHV±
,QWKH\DUHLQFOXGHGLQWKH6WDQGDUG67$6
• 7KHIRUPHU*HUPDQUDLOZD\FRQYR\V1(*XVHGRIWHQEHIRUH0DQ\5RPDQLDQEULGJHVZHUHFDOFXODWHGWR
WKHVHORDGV
:LWKWKHKHOSRIWKLVGLDJUDPLWHDV\WRHVWDEOLVKWKHSUHVHQWVLWXDWLRQRIDQH[LVWLQJEULGJH,QWKHIROORZLQJVRPH
W\SLFDOH[DPSOHVIRUEULGJHVGHFRQVWUXFWLRQDUHSUHVHQWHG
([DPSOHVRIGHFRQVWUXFWLRQ
,QWKHIROORZLQJVRPHW\SLFDOH[DPSOHVFRQFHUQLQJWKHGHFRQVWUXFWLRQRIEULGJHVDUHSUHVHQWHG
2.1. Rehabilitation of a masonry arch bridge in Baile Herculane on the Cerna River (Danube Basin) 
0DVRQU\DUFKEULGJHVDUHWKHROGHVWVWUXFWXUHW\SHIRUEULGJHVWKHDUFKEHLQJWKHTXLQWHVVHQFHRIWKHEULGJH>@
%ăLOH+HUFXODQH/DWLQ$TXD+HUFXOLVLVDIDPRXVVSDIURPWKH5RPDQWLPHVORFDWHGLQWKH6RXWKRI5RPDQLD$
PDVRQU\DUFKEULGJHEXLOWLQLVVLWXDWHGLQWKHPLGGOHRIWKHWRZQFURVVLQJWKH&HUQD5LYHUVHH)LJ
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)LJ*HQHUDOYLHZRIWKHPDVRQU\DUFKEULGJH
7KHEULGJHKDVWZRDUFKHVZLWKVSDQVRIPP7KHDUFKEDUUHOVDUHPDGHRIVWRQHDQGEULFNPDVRQU\
2QWKHWZRVLGHVRIWKHVWUXFWXUHWZRH[WHUQDOVSDQGUHOZDOOVPDGHRIEULFNDQGVWRQHDUHGLVSRVHG7KHVWUXFWXUHLV
FXUYHGZLWKDUDGLXVRIPHWHUV7KHEULGJHLQIUDVWUXFWXUHLW
VEXLOWXSRIVWRQHPDVRQU\DQGLWVKRZVWKHIROORZLQJ
SUREOHPVHURVLRQFUDFNVVFRXULQJDQGPLVVLQJVWRQHPDVRQU\HOHPHQWVFDQEHREVHUYHG7KHH[WHUQDOVSDQGUHO
ZDOOVVXVWDLQLQJWKHGHFNDUHSDUWLDOO\GHVWUR\HG7KHFDUU\LQJFDSDFLW\RIWKHVWUXFWXUHZDVHYDOXDWHGZLWKWKH0(;(
0HWKRG0LOLWDU\(QJLQHHULQJ([SHULPHQWDO(VWDEOLVKPHQWZKLFKLVWKHEHVWNQRZQVLPSOHPHWKRGLQWKLVILHOG
)LQDOO\WZRUHKDELOLWDWLRQPHWKRGVZHUHSURSRVHG
6ROXWLRQ,QDGGLWLRQWRWKHXVXDOUHSDLUVWRWKHXSSHUVXUIDFHLWLVSURSRVHGWRVWUHQJWKHQWKHVWUXFWXUHZLWKD
YDXOWRIUHLQIRUFHGFRQFUHWH&DWWKHH[WUDGRVWRUHSODFHWKHH[LVWLQJILOOLQJRYHUWKHYDXOWVZLWKFRQFUHWH&
DQGWKHQWRH[HFXWHDFRQFUHWHVODEV&ZLWKUROHRIGHFNZLWKZDWHUSURRILQJDQGILQDOO\WKHURDGVWUXFWXUH)LJ
D
6ROXWLRQ  $OVR LQ DGGLWLRQ WR WKH UHSDLUV UHFRPPHQGHG LQVWHDG RI VWUHQJWKHQLQJ WKH XSSHU VXUIDFH D
FRQVROLGDWLRQRQWKHXQGHUVLGHRIWKHDUFKZLWKFRQFUHWHLVSRVVLEOH2QWRSRIWKHEULGJHWKHH[LVWLQJILOOLQJZLOOEH
UHSODFHGRQO\RQWKHKHLJKWRIFPDQGDFRQFUHWHVODEV&ZLWKUROHRIGHFNOLNHLQVROXWLRQZLOOEH
H[HFXWHG)LJE













)LJD)LUVWUHKDELOLWDWLRQSURSRVDOE6HFRQGUHKDELOLWDWLRQSURSRVDO
7KHH[WHQVLRQRIWKHDUHDVDQGLWHPVWREHUHSDLUHGRUUHSODFHGFDQEHHVWDEOLVKHGRQO\DIWHUWKHVDQGEODVWLQJE\
KLJKSUHVVXUHZDWHUMHWDQGWKRURXJKLQVSHFWLRQRIWKHVWUXFWXUH7RPDLQWDLQWKHIRUPDQGKLVWRULFDOFKDUDFWHURIWKH
HQWLUHVWUXFWXUHLVPDQGDWRU\WKLVEULGJHKDVDQHPEOHPDWLFFKDUDFWHUIRU%DLOH+HUFXODQH0DVRQU\DUFKEULGJHVDUH
6WUHQJWKHQLQJDWWKH H[WUDGRV
6WUHQJWKHQLQJDWWKHLQWUDGRV
352   Edward Petzek et al. /  Procedia Engineering  156 ( 2016 )  348 – 355 
YHU\GXUDEOHDHVWKHWLFDQGUHSUHVHQWDWLYHVWUXFWXUHVWKH\KDYHDFXOWXUDOYDOXHDQGEHDXW\7KHUHKDELOLWDWLRQRIVXFK
VWUXFWXUHVLVLQSUHVHQWDGXW\RIWKHDGPLQLVWUDWLRQ
2.2. Reconstruction of a railway truss girder bridge [4] 
7KHGRXEOHUDLOZD\OLQH%XFKDUHVW±%UDúRYFURVVHVWKH3UDKRYD5LYHURQDVNHZWUXVVJLUGHUEULGJHKDYLQJWZR
VSDQVRIPHDFKVHH)LJ7KHILUVWUDLOZD\OLQHZDVRSHQIRUWUDIILFLQDQGGRXEOHGLQZKHQWKH
ROGVWUXFWXUHZDVUHQHZHG7KHEULGJHZDVGHVLJQHGIRUWKH*HUPDQKHDY\FRQYR\1


)LJ*HQHUDOYLHZRIWKHEULGJHDQGFRPSXWHUPRGHO
7KHEULGJHLVLQDJRRGWHFKQLFDOFRQGLWLRQ1RPDMRUVWUXFWXUHGHJUDGDWLRQVDUHREVHUYHGWKHFRUURVLRQLVJHQHUDOO\
VXSHUILFLDOO\7KHEHDULQJFDSDFLW\RIWKHVWUXFWXUHZDVHVWDEOLVKHGZLWKWKHKHOSRIDILQLWHHOHPHQWSURJUDP7KH
OHYHO RI WKH FDOFXODWHG VWUHVVHV LQ WKH VWUXFWXUH HOHPHQWV LV ORZHU WKDQ WKH DOORZDEOH RQHV VHH DOVR )LJ  7KH
UHPDLQLQJVHUYLFHOLIHZDVDOVRHVWDEOLVKHGZLWKWKHFODVVLFDOPHWKRG3DOPJUHHQ±/DQJHU±0LQHUUXOH>@DQGZLWK
PRGHUQPHWKRGVIUDFWXUHPHFKDQLFV>@WKHUHPDLQLQJVHUYLFHOLIHIRUWKHPDLQJLUGHUVLV\HDUV%DVHGRQWKHVH
DUJXPHQWVWKHGHFLVLRQRIUHFRQVWUXFWLRQZDVWDNHQ7KHUHSDLULQJZRUNVZHUHGRQHRQXQGHUFLUFXODWLRQZLWKVSHHG
UHVWULFWLRQRQWKHVHFRQGOLQH7KHWHFKQRORJLFDOSURFHVVFRQWDLQVWKHIROORZLQJVWDJHV
• 6WDJH7KHSUHSDUDWRU\ZRUNVIRUVDQGEODVWLQJWKHGHFNPRXQWLQJWKHZRUNLQJVFDIIROGPRXQWLQJWKHSURWHFWLRQ
WHQWDQGFROOHFWLQJWKHPDWHULDOUHVXOWHGDIWHUWKHVDQGEODVWLQJWKHVDQGEODVWLQJZRUNVIRXQGLQJDQGPDUNLQJWKH
GHIHFWVSURWHFWLQJWKHVDQGEODVWHGVWUXFWXUHZLWKSULPHUUHSDLULQJWKHGHIHFWVEXLOGLQJWKHFRUURVLYHSURRIV\VWHP
RIWKHVWHHOVWUXFWXUHVHH)LJ
• 6WDJHWKHULYHWHGGHFNZDVHOHYDWHGZLWKFPLQRUGHUWRDGDSWWKHLQIUDVWUXFWXUHDEXWPHQWVDQGSLHU±VHH
)LJ
• 6WDJH7KHVDPHUHSDLULQJZRUNVIRUWKHVHFRQGWUDFN

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)LJ7KHUHSDLULQJZRUNVLQVWDJH
)LJ(OHYDWLRQRIWKHVWUXFWXUH
2.3. Renewal of two composite railway bridges. 
7KHH[LVWLQJEULGJHZDVEXLOWLQDQGVXVWDLQVWKH&kPSLQD±3UHGHDOGRXEOHUDLOZD\OLQHFURVVLQJRYHUWKH
3UDKRYD5LYHU7KHUDLOZD\OLQHFURVVHVWKHULYHULQDQDQJOHRIDERXWDQGLVVLWXDWHGQHDUWKHEULGJHZKLFKLVLQD
FXUYHZLWK WKH5 PDQGZLWK DGHFOLYLW\ RI DERXW Å7KH VWUXFWXUH LVPDGHRI WZR VSDQV RI P
UHVSHFWLYHO\RIPWKHVPDOOVSDQVHUYLQJDVDSODWIRUPXQGHUSDVVIRUDORFDOURDG7KHEULGJHVXEVWUXFWXUHLV
FRPPRQIRUERWKUDLOZD\OLQHVDQGWKHVXSHUVWUXFWXUHLVPDGHRILQGHSHQGHQWGHFNVVHH)LJ

)LJ7KHH[LVWLQJVWUXFWXUHV
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7KHUHFRPPHQGDWLRQVRI WKH WHFKQLFDOSURMHFWZHUH LPSOHPHQWHG WKH UHSODFHPHQWRI WKH VXSHUVWUXFWXUHZLWKD
FRPSRVHGVROXWLRQE\XVLQJUHLQIRUFHGFRQFUHWH7KHQHZGHFNVZHUHGHVLJQHGIRU8,&FRQYR\V7KHFRPSXWHUPRGHO
RIWKHFRPSRVLWHVWUXFWXUHDQGWKHILOOHUGHFNEULGJHDUHVKRZQLQ)LJDQG)LJ

)LJ7KHVWDWLFPRGHOIRUWKHFRPSRVLWHVWUXFWXUH
)LJ&RPSXWHUPRGHOIRUWKHILOOHUEHDPVGHFN
7KHLQVLWXZRUNVVKDOOEHH[HFXWHGVXFFHVVLYHO\RQRQHOLQHXQGHU WUDIILFEUHDNXQGHUSURWHFWLRQRI WHPSRUDU\
UHWDLQLQJVWUXFWXUHV7KHWUDIILFRQWKHOLQHLQUXQQLQJVKDOOEHUHVWULFWHGWRWKHVSHHGRINPK7KHVXSHUVWUXFWXUHV
ZHUHGHVLJQHGWREHFDUULHGRXWLQGHILQLWLYHSRVLWLRQ)RUDQHDV\DQGIDVWDFFRPSOLVKLQJSUHFDVWVODEHOHPHQWVZHUH
XVHGLQWKHFDVHRIWKHVXSHUVWUXFWXUH7KHFURVVVHFWLRQVWKURXJKWKHQHZVXSHUVWUXFWXUHVDUHSUHVHQWHGLQ)LJ

)LJ&URVVVHFWLRQVWURXJKWKHQHZGHFNV
7RUVLRQEDU &RPSRVLWH
PDLQ JLUGHUV
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2.4. Auxiliary (emergency) bridges 
(PHUJHQF\EULGJHVDUHORZZHLJKWVWUXFWXUHVIRUIDVWUHHVWDEOLVKLQJRIWUDIILFIRUKXPDQLWDULDQDQGUHVFXHPLVVLRQV
WKH\FDQEHHUHFWHGLQDVKRUWWLPHLQUHVSRQVHWRDQDWXUDOGLVDVWHURURWKHUHYHQWJHQHUDOO\ZKHUHFXUUHQWLQIUDVWUXFWXUH
KDVEHHQGDPDJHGDQGQHHGVLPPHGLDWHUHSODFHPHQW,QWKLVVHQVHDQHZV\VWHPRISUHFDVWFRPSRVLWHJLUGHUV±WKH
021$V\VWHP021$ PRGXODUEULGJHVZDVGHYHORSHGVHH)LJ7KLVIOH[LEOHV\VWHPZDVFRQFHLYHGIRU
VSDQVEHWZHHQ±PDQGGLIIHUHQWVLWXDWLRQVLQFOXGLQJHPHUJHQF\FDVHVWKH\KDYHDYHU\VKRUWHUHFWLRQWLPH
VPDOOGHDGORDGDQGDUHHDV\WRKDQGOH

 
)LJ7KHQHZPRGXODUV\VWHP021$
&RQFOXVLRQV
7KHGHFRQVWUXFWLRQPXVWEHFRQFHLYHGLQDFFRUGDQFHZLWKWKHFRQWUDFWRUVLQRUGHUWRDVVXUHVDIHW\DQGHIILFLHQF\
WKHFKRVHQWHFKQLFDOVROXWLRQPXVWDOVRFRPSO\ZLWKRWKHUVFULWHULDVXFKDVVWUXFWXUDOUREXVWQHVVHFRQRPLFVDQGHDV\
H[HFXWLRQ,WLVPRUHHFRQRPLFDOO\WRUHIXUELVKWKDQWRUHEXLOGWKLVDVSHFWLVVXVWDLQHGJHQHUDOO\E\WD[UHGXFWLRQV
'HFRQVWUXFWLRQKDVDOVRDSRVLWLYHVRFLR±HFRQRPLFLPSDFWIRUWKHDUHDREWDLQLQJWKHPD[LPXPEHQHILWIURPWKH
UHKDELOLWDWLRQRIWKHVWUXFWXUHVLQFOXGLQJWRXULVWLFSRVVLELOLWLHV$KLJKGHJUHHRISUHIDEULFDWLRQLVUHFRPPHQGHGKDYLQJ
DVUHVXOWVKRUWHUH[HFXWLRQWHUPVDQGVLJQLILFDQWLPSURYHGZRUNLQJFRQGLWLRQV
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